The evolution of helping behavior in birds has been hotly debated. Hamilton's inclusive fitness theory has received much support from ecological cost-benefit studies; however, the hypothesis that helping has not been selected per se but is simply a phenotypicalfy plastic response to altered social conditions has been proposed. In this view helping by nonbreeding birds occur* when at independence they fail to leave their parents and are exposed to the critical stimulus, the begging of young birds to be fed. We report that levels of prolactin, a hormone associated with parental behavior, are conspicuously higher in an avian species with helpers, the Mexican jay (Aphelocoma uttramarina), than in a congeneric and sympatric species without helpers, the western scrub jay (A. caUfornica). Specifically, prolactin in the nonbreeding members of the helping species is higher than the level found in the breeders of the congeneric nonhelping species. In addition, prolactin levels in nonbreeders rise well before the appearance of begging young. These findings reject the phenotypic plasticity hypothesis based purely on a response to begging young and suggest that prolactin is involved in die physiology of helping behavior in birds as part of a complex adaptation. Key words: alloparental behavior, Aphelocoma, altruism, helping, jays, prolactin. (Brown, 1974(Brown, , 1987b Emlen and Wrege, 1994) . Nevertheless, the hypothesis that helping by nonbreeders has not been influenced directly by natural selection but is simply a response to altered social conditions, or "flexible strategy," has been advanced both for social insects (West-Eberhard, 1987) and birds (Jamieson, 1989(Jamieson, , 1991 Jamieson and Craig, 1987) . In this view, helping by nonbreeding birds occurs when at independence they fail to leave their parents because of environmental constraints and are thereby exposed to the critical stimulus, the begging of young birds to be fed, without involving natural selection.
An understanding of the physiological basis of a behavior, when used with die comparative method, can provide a powerful tool to test hypotheses in evolutionary ecology (Real, 1994) . We used this approach to show that helping and its associated physiology are not mere responses to begging young. To distinguish between hypotheses that invoke selection on helping and one that does not, we compared levels of prolactin between two congeneric, sympatric species of jays in soudiern Arizona, USA, thereby controlling to a large extent for possible phylogenetic and environmental differences between the species. The Mexican jay (Aphelocoma ultra-marina) is conspicuous for the regularity of helping and the number of helpers in a territorial group (Brown, 1970 (Brown, ,1972 . In contrast, neither helping nor the presence of nonbreeders accompanying breeders has been reported for American populations of its congener, the western scrub jay (A. caUfornica, Carmen, 1989) . The phylogenetic position of these taxa in relation to the distribution of helping behavior in the genus has been illustrated elsewhere (Brown and Li, 1995; Peterson and Burt, 1992) .
Prolactin is a hormone associated with parental physiology and behavior in birds (reviewed in Buntin, 1996) . The physiological control of prolactin release is complex, and its mechanisms of action on parental behavior in birds are not well understood. There is, however, a wealth of data indicating diat prolactin facilitates expression of parental behavior (Buntin, 1996; Goldsmith, 1991; Horseman and Buntin, 1995; Pederson, 1989) .
Assuming that elevated prolactin plays a role in the expression of parental and alloparental behavior in jays, we tested two predictions to distinguish between the two hypotheses. If elevated prolactin levels were part of a specifically selected adaptation for feeding young by nonbreeders, then we would expect higher levels in nonbreeding helpers of die Mexican jay than in nonbreeders of the western scrub jay. Additionally, we might expect levels of prolactin in nonbreeders to be comparable to those of breeders in die Mexican jay. Alternatively, if helping were simply a response to begging young present in all jay species with or without helpers, we would have no reason to predict that levels of prolactin in nonbreeders would be as high as in breeders because nonbreeders in nonhelping species normally do not feed any young. In other avian species without helping, young nonbreeders have lower prolactin levels than breeders during die breeding season (Hall et aL, 1986; Williams and Sharp, 1993) . In addition, if selection has favored elevated prolactin as a mechanism to promote care of nestlings in both breeders and nonbreeders, this could result in overall higher levels of prolactin in species with helpers than in species widiouL The timing of the seasonal rise in prolactin may also be used to test the hypothesis that selection has not acted to cause a difference between species with helpers and species without If helping has been selected for feeding young, then prolactin levels in nonbreeding helpers would be expected to rise before the production of begging calls in a manner similar to that of breeders. Conversely, if a rise in prolactin were simply a response to begging young, it should follow the stimulus, not precede it. Our second prediction, therefore, was that prolactin levels of nonbreeders in the Mexican jay would rise before the first occurrence of the postulated external stimulus, the begging of young birds.
MATERIALS AND METHODS
We studied a population of the Mexican jay in the Chiricahua Mountains in 1991, 1994, and 1996 and two populations of western scrub jays, one near the Sierrita Mountains (1993) and the other in the Santa Catalina Mountain* (1995). These two species have extensive behavioral and ecological contact in the Chiricahua Mountains, Santa Catalina Mountains, and probably throughout southeastern Arizona. Their interactions have been studied in the Chiricahua Mountains by E. Greene (personal communication). We knew the age and breeding status of nearly all of the Mexican jays in our study area because the population is the subject of a long-term study (Brown, 1994) and because essentially all nests are located each year. Birds were aged, sexed, and color-banded according to standard methods (Brown et al., 1997). Breeders were defined as birds that laid eggs or were mated to a female that laid eggs in the same year. For the western scrub jay we trapped and color-banded birds at feeders throughout the study site. In only a few cases could we assign sex based on behavior or brood patch (a female trait) or breeding status based on attendance at a nest. The nesting season for the western scrub jay is not as well studied as that of the Mexican jay, but it generally occurs at the same time. At our study sites the earliest incubating female scrub jay was found in late March and the latest was found in late May. Most nest-building activity occurred in late March through April, and most feeding of nestlings was observed in May. These dates are nimiiar to those for the Mexican jays we studied (Brown and Li, 1996) . In addition, the elevation in sex steroids occurs at the same time in both species (Vleck et aL, 1996) , further suggesting coincidence of the nesting seasons.
We took blood samples from the wing vein in the late winter, the end of the nonbreeding season, and in the breeding season, March-June, from both species. All blood samples were obtained immediately after capture and were collected between dawn and noon. Blood was kept on ice for no more than 4 h. It was then centrifuged, separated into plasma, and the cells and the plasma were stored at -20°C until assayed. We determined plasma levels of prolactin in duplicate 20-uJ volumes of plasma in the laboratory using a postprecipitation, double-antibody radioimmunoassay supplied by A. F. Parlow. This assay uses purified chicken prolactin as a standard and an antisera raised in rabbits against chicken prolactin. Crossreactivity with chicken growth hormone is <1%. The assay has recently been validated for use in another species of Aphdocoma (Schoech et al., 1996) . Dilutions of a plasma pool from Mexican jays or from western scrub jays showed reasonable cross-reactivity with the antisera, and slopes of the logit-transformed curves for (base two species did not diffw from the slope of the diluted chicken standard in a three-slope comparison (ANCOVA, F w = 2.42, p = .11). The mean intraassay and interassay coefficients of variation were 6.6% and 14.6%, respectively.
We obtained 119 prolactin values from 94 Mexican jays and 56 values from 50 western scrub jays. Samples from the 12 Mexican jays that were resampled in the same year were separated in time by an average of 47 days (SD m 27, minimum ™ 28 days), and samples from four western scrub jays resampled in the same year were separated in time by an average of 25 days (SD = 12, minimum = 6 days). Repeated-measures of prolactin in the same individual had no effect in either the Mexican jay (f^, = 037, p =• .91) or the western scrub jay (F i7 = .13, p = .94); consequently, we used all the values for our analyses except for the two-species comparison, in which case we used data only from birds sampled one time. Data from multisampled birds were not used at all. In the Mexican jay we examined the effect of sex, breeding status, and age on prolactin level mid-April through May, Julian days 105-151, the interval when it was most elevated. This is the interval during which eggs or nestlings are present The mean date of the third egg of the first clutch in the group for all years was April 14 (SD = 13 days).
RESULTS
In the Mexican jay prolactin was significantly higher in females than in males during the incubation/nestling phase (tuo = -3.10, p = .004). The mean value for male prolactin was 23.2 ng/ml (SD = 4.09, n = 24), whereas the mean value for females was 28.4 ng/ml (SD = 4.73, n = 8). Both of these values are much higher than those found in any western scrub jays, so we combined the data from Mexican jay males, females, and birds of unknown sex (n = 65) for comparison with the western scrub jay. We knew the sex of 10 western scrub jays: 7 females and 3 males. In this subsample there was no significant effect of sex on prolactin (f,_g = .97, p =• .36), so we combined the sexes in the analysis (n = 56). There was no significant effect of year in the analysis for either western scrub jay (F )JM = 0.68, p = .41) or Mexican jays analyzed separately by sex (females: F^ « 2.557, p = .17; males: /"u, = 3.08, p = .07; unknown sex: F U7 = 1.48, p= .24).
Neither breeding status (f, n =2.26, p = .14) nor age had a significant effect on prolactin in the Mexican jay (regression analysis, F ii7t = 0.33, p = 36). Yearlings and most 2-year-old Mexican jays do not breed, but yearling prolactin values (mean = 23.3 ng/ml, SD =• 4.23, n = 16) did not differ from prolactin for all other age classes combined (mean = 24.0, SD = 4.23, n = 58; *,." = -0.64, p = 32). Thus, young nonbreeding Mexican jays, most of which were observed helping feed young, had prolactin levels as high as breeding Mexican jays and more than double the value found in western scrub jays whether they were breeders or nonbreeders (see below). During the time interval for which we have data from both species (March through early June, Julian days 60-155), the level of prolactin in Mexican jays was significantly higher than it was in western scrub jays (Figure 1 ; t,^ = 12.98, p < .0001). Mean prolactin during this interval in the Mexican jay was 23.2 ng/ml (SD = 5.88, n -51), whereas it was only 93 ng/ ml in the western scrub jay (SD «• 4.07, n =» 44). It was not possible for us to distinguish breeding and nonbreeding western scrub jays in most cases, so we cannot say with certainty that nonbreeders have lower prolactin levels than breeders. The inclusion of some nonbreeding western scrub jays with relatively low prolactin may account for the higher coefficient of variation (CV =» 43) in this species than in the Mexican jay (CV » 25).
In our test of the second prediction derived from the flexible strategy hypothesis, prolactin levels in Mexican jays rose in all individuals well before the first appearance of begging nestlings (Figure 2) . Although the levels rose earlier (even before incubation) in the breeding female than in other birds Our study shows for the first time that the high prolactin levels found in nonbreeders of a spedes with helpers are not found in a spedes that lacks helpers but that is dosely related and sympatric These findings suggest that the difference' is related to helping and not to phylogenetic history or environment Although one comparison between two spedes does not allow a Statistical test, OUT finHing should «trrrm1af^ rimilar comparisons in other genera, thus providing a broader basis for generalization and phylogenetically independent contrasts. These results are neither predicted nor explained by the altered-environment hypothesis (Jamieson and Craig, 1987) .
Our comparative study suggests a mechanism by which selection could favor helping by nonbreeders and result in an elevation in prolactin in the spedes as a whole. Parent birds with genes leading to high prolactin levels might produce off- 
